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WTRaDUCTIOl I 

During the ronths of 8ep-r through mwmber of 1962, wind t-1 tests 
vera conducted on a 0.03 scale amdel of the Little Joe If/Agollo confQuratian 
ebown In Fim 1. 
Center at Iat@ey field, Virginia. The -8- covered a range of 
irara M % 0 to J4 = 4.65. A data report (Reference 1) presents thie wind tunnel 
data vithout analpie. 

Tbe~e t e s t e  uere run i n  facilities of the SASA Rusearch 
nuabers 

The malymis of the data in Reference 1 I s  grrssnted herein. hi&. &rag 
ha8 bscm to e l m  the tfrecta of llach number, angle of attack, control 
surface deflection, skin friction, and btrse pressure (gover on and pover o f f ) .  
Rigid etability derlvstinr a m  presented for the corqplste configuration, body 
alone and flns a b n e .  Effecte of fin elanticity are .le0 dfscuered. Thsomtical 
extraplatione ham been amda vhem the wind tunnel Qta did not cover conditions 
of Internet so tbat a codlgplate set of aerodyaapic cai i ic iente  is contained in 
this report. 
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Pitching Moment curve Slope 

NormJ Force Curve Slope 

R o w s l  Force Curve Slope 

Rolling m n t  C u n n  Slope 

Rollfng lhacnt Curve! Slope 

Rolling n[reaat curve Slope! 

Sld.sUp u t ,  

Anglo of attack, 

control eurface deflection, 

Density of air, 
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1) A &tall& brmakdum of drag contributions fbr zero angle of sttack 
and LUO control deflsotion. 

2) The incremental h g  siYect duh to angle of attack. 

3) 5 Facrsasntal drag effect dut to control  surface deflection. 

In addition, the drag drre to reaction control fairings is discwi~ed for a 
range of lQch n-ma from N .I 0.3 to W = 1.2. Oorqparisona are made of the 
drag due to wntrol surface deflsction i n  B i t c h  and roll arid the drag for tbs 
vehicle in the prlmary arrd 6ccOodarJ pitch plane. A caqpariaon of +a f u U  
scale vehicle and vidi tunMl lpodrl is also made. F u l l  scale diwnnionel data 
are v e n t e d  i n  Tabla I. 

The f u l l  ~ c d l a  dFw ~ 8 b  Qvslcrped b-fcally W wind t-1 dsta. 
That is, the wind tunnel data was soparatad into its cuqpownt parts ,  scale 
effects I Q I D ~ ~ ~ ,  and full scale correctione mads. 
Little Joe I1 wind tunncl podel is presented in Fi- 2, ths incrementa being 
forebo&y drag, bese drag, and s k i n  friction for both the tover-body combination 
snd the rlm. 

The component drag of the 

T f u ,  akin iriction vas calrmsrrtcd in the classical manner basad upn the 
turbulent &In friction coefficient for %em heat trsnefer (Reference 3 ) ,  Wind 
t u n e d  Reyaolb. Nu8ber per foot, reference length8 of tower-body length srd 
fin man amodymdc &rd l e e ,  along vith ths tmsociated wettad areas to 
obtain the vind tunnel drag less skin friction. 
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The full scale drag build q ma then corductad starting w i t h  the wind 
tunnel forebody less skin f r i c t i o n  drag (Figure 3). 
8 k h  f'riCtlOn, the full scale Reynold8 number YerIufI Wtch nunibor VM determined 
f iam the mlmlon E d F protilss* (figure 4), then the aaeociated turbulent 
zero heat trsarfer rkin f t i c t i o n  coefficient8 (Reference 3 ) , d  finally drag 
coamcient. -re datarained baaed upon the proper vetted are- (vetted area 
ratios ud akin friction caif ic ients  are given in Table 11). a build up v.s continued by i n c l a n g  tull scale p o w e r - o f f  blue drag. 
drag was Indicated to be equal t o  the wind tunnel baoe drag (Reference 2) since 
the d l  eting raspport ere8 to -1 bme area ratio is 0.2. 
base drag incremnt  vae reprerentad by a razqp ( W r  and lover l l m i t  p lup a 
IIICM value) which YIIB recommmbd by the NASA, Referents 4. 
eeale drag build q p  I s  caqlete for thc ba8ic -her off configuration. For 
reference, a comparieon of f u l l  scale iorebdy drug of the vasher-off, waakr-on, 
and predicted valuas l o  preeente8 In  Figure 5 .  

To obtain the f u l l  scale 

~h iull s a  
This 

The povsr-on 

"hur, the f u l l  

Drw Increment pu, to An&. e of Attack 

wind tunnel data directly, pi- 6 .  
the b e  h a s  m n  presented eeparataly, since the h a  dra@ i-nt is a 
povsr-off effect and would be axceesirc if added along 6 t h  the pawr-on effect. 
I n  the practical  range of operation, considering riesiox18 B and P (y) ths 
b-e p ~ e 8 ~ 0  increment can be coneidered negligible. 

Thd effbct o r  sngle of attack on Wal drag VIM detsrrined by i ncnasn t ing  
~h &ag i nc r r r sn t  of t h  forebody and 

Ilaag Increment D w  to Control Surface hflection 

The effect of control surface deflection on axial dreg vaa also &atermined 
Again, the incremmt of the by increPwnting vlnd tunnel data, figures 7 - 14. 

forebody and bare are presented eeparetely since the base i n c m n t  would be 
excearivb for the pover-on w e .  ThC base pressure In-t hss only been 
presented for the -10 &e of attack cue but is indicative of trends exd 
order o r  magnitude for the other  anglca of attack, pigurcr 8. Tha remaining 
values c~ilz be obtained directly fron Reference 1 if desired. Fbr the practical 
range of operation for missionrr E and F (w) vhsre drag is elgnlflcant, it is 
srtltaiactory to ure the forebody drqg 68 presented and neglect the MBU effect 
on pawer-on h e  drag. 

Drsg Due to Reaction Control Pairing. 

The reaction control fairinge were rulDved f r o m  the 130641 in the Mach rsngo 
0 .3  through 1.2. The axial Increment wae indicated to be approximately 

Weeion E is a high sltituh abort end Hlaeion P is a high q abort. 
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0.0065 w i t h  the drag riee rrkuting at k c h  0.9 and at-- 8 
oi 0.0OgO at lbfih 1.2. 
with thc reaction control fSirin(p on may be wed fbr the uncontrolled (fixea 
f i n )  vehicle. 

IncrePcnt 
Since t h b e  ral-8 ere nlarll the acid drag coef f ic ient  

Drsg C O q f A r  1- of Control Surface Deflection in Pitch d Roll 

A UmiW drag comperison YBS mado of control surpSc0 defbctiona for pitch 
and roll, T a b l e  III. 
angles of attack o? eero end fourteen, control surface hflectiom of f i M  at4 ten 
degrees, and all Elach n\ribers tested. SJbS cosptwisoa YILB made by increaentlng 
the dreg for the 8- surface bflection o f  a p ~ r e  roll deflection w i t h  that of 
a pure pitch deflection. pbr the grscticd rmge of control surface deflection 
where drag is rlguificant for nissions E and F, d y ,  :5* angle of attack aad 
6. control 8urface &flection, the drag incrsaent c8n be considered mgligible. 

The colqparison uas made for farebody snd body base at 

Cos@arison for Ripary a5d secoodaxy Pitch Plane 

A drag coPprrrleon waa made for orientation in both tbs primary arxl secoaQry  
pitch planeu f r o m  k c h  0.3 through 1.2 ard an sngle of attack range of -U to +14 
for Eero control ourface deilcctlon. Af'tur adjusting the dsta to agree at zero 
angle of attack, the drag egrced within f.0100 for thc ~ c ~ m t  angle of attack. 
m o  va8 considered k, be lnriguificant. 

- b O A  O f  Full &a& vshiC& ud w i d  MDd.1 

The eamntial difference between t& w i n d  tunnel model and the full scale 
vehicle I s  the nusting aod end glated regions of the aorrugated .Bin section. 
A t  etauons 227 and 326, ring flanges which are perpendicular to the vehicle 
axis of syntmetq and block the trough of each corrugation vere not represented 
or tbe model. Ala0 at statiom 0 adi 227, tbs base region of the corrugation 
trough of the zull scale vehicle ie a venting region. 
of inter& preesure o r  lower altituds condftiolu srd vas not repreae~ted on the 
laodsl. A theoretical calculation to estirpakr the increased ful l  rcsle drag at 
hcb 2 of these variationm Indicated the value to be qpwxiaetely .o200 axial 
dreg coefficient. 

The venting perraita relief 

Sin- this valw van small, no correction vaa lnclubed. 

A t  a later date strake8 vere added to tht llrrp0U.o (3nmmnd Module but it l a  
f e l t  that their affect on total vehicle drag w i l l  be nqgllglble. 
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!be cen te r  or  preesure location w a a d  fiaa the bsaa is ahawn in m e  16. 
It baa been computed by uslrq the relation 

" 

is about the matent center at 2.272 diameters froIp the bare. The 

range of angles or attack for which the data are lirzear is shown in Figam 18. 
Beyond this linear region the average slope should be us&, but for appradm~te 
values only. If more accurate results are desired in the high angle of attack 
region the actual data i Reference 1 should be referred to. 
v a ~ u e e  of 5 , c ami XC.~. f r o m  Reference 5 are shown on the figures 

aad shoM the data agree v c l l  vitb prcdict iou.  

Thc p e d i c t e d  

a %  [D ) a  

The normal form elope, pitchlng mmnt rlqm a d  center of prurreura pooltion 
due ta cmntrol deflection are sbovn i n  ne\rrsr 19 apd 20. 
detergiiaed f'rom cross glois of the p;tch data et yarIoup control deilectionr. 

These data vere 

The rolling troaent due to control deflection, CB , is sitovn in Figure 21. 
irr zero for all #ach numbre. 

s3maatx-i~ t- is alee seco 

Sinw thc c o d t i o n  le ba8ical.l~ 
for the ent i re  blech number rasgs. 

"k? #a 
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~ h h  pitch ~ l l p i ~ g  coefficient c is pnoentsd in p~gures 22, 23 end 24 
for respective center of gravity par %t Ions o f  1.0, 1.5 sad 2.0 diapstere f’rom 
the W e ,  a d  are coqpered w i t h  pr4icted curveo f”E Reference 5 .  
shove cen te r  of gravity positions of 1.0, 2.5,  2.0, 2.5 atd 3.0 &erstten 
from tht base, vhich covers c.g. travel for a U  mi8810n~ ot Little Joe IS. 
The following equation from Appendix G of Reference 6 y88 used b compute Cn . 

Q 

Figure 25 

vhert CM ie in Mts of per radian and X is the porant ECBI of the applicable 

force. 
Q 

configuration is shown in Figures 26 and 27. 
the vehicle to the recondary configuration increase8 the etatic stability 
rlightly. 

w coaqpsrison shows that rotating 

The configuration for the uncontrolled flights (high q abort) differs iropi 
the  trolled Little Joe I1 conf‘igurstion in that it doesn't hem the reaction 
control fairings. Figure 28 shove that the effect of reaction control fairings 
it3 very minor. 
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for the tail only. 
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The aerodaatic effect of tho coatrolled f in  w i l l  be investigated ut a 
ht8r date. 
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